Stachys is a large genus belonging to the family Lamiaceae. In common with many other representatives of this family, the aerial parts of plants belonging to this genus have been used in folk medicine and phytotherapy for many years. The aim of this work was to determine the amounts of biologically active compounds (flavonoids and phenolic acids) present in seven Croatian Stachys taxa (S. alpina, S. officinalis, S. palustris, S. recta subsp. recta, S. recta subsp. subcrenata, S. salviifolia, and S. sylvatica). This was achieved by establishing an appropriate extraction procedure and by analyzing the samples by HPTLC with densitometric evaluation. Plant extracts and standard solutions of flavonoids and phenolic acids were applied to silica gel 60 F 254 HPTLC plates as 10 mm bands. Plates were developed in vertical glass chambers previously saturated with the mobile phase, ethyl acetate-acetic acid-formic acid-water, 100 + 11 + 11 + 26 (v/v). After drying and spraying with NP/PEG reagent, the bands were visualized under short and longwavelength UV light. By use of standard solutions, R F values and fluorescence colors of the investigated compounds were determined. Concentrations of the standard solutions were adjusted to the amounts in the samples and again chromatographed with Stachys samples. The Camag Reprostar 3 Videosystem was used for quantitative evaluation. The compound occurring in most of the samples investigated was found to be chlorogenic acid (it was not present in S. recta subsp. recta only); isoquercitrin, luteolin 7-O glucoside, rutin, and quercitrin were present in several of the samples. Although S. recta subsp. recta did not contain chlorogenic acid, it was found to be richest in the flavonoids whose presence was determined.
Introduction
Stachys L., or woundwort, one of the largest genera of the family Lamiaceae, contains approximately 300 species with nearly worldwide distribution. Most of these species occur in the warm temperate regions of the Mediterranean and SW Asia, with secondary centers in N. and S. America and southern Africa; the genus is absent from Australia and New Zealand. The genus comprises nineteen taxa in the Croatian flora; of these S. alpina L., S. officinalis (L.) Trevis., S. palustris L., S recta L. subsp. recta, S. recta L. subsp. subcrenata (Vis.) Briq., S. salviifolia Ten., and S. sylvatica L. were investigated. S. alpina, or alpine woundwort, is a green, hirsute, glandular above perennial up to 100 cm high. In Croatia it grows on basic, limestone soils from the mountainous to the subalpine zone. S. officinalis (= Betonica officinalis L.), or betony, is a sparingly hairy perennial, 15-60 cm, with a short woody rhizome, well marked basal rosette, and erect stems, simple or somewhat branched below.
Betony occurs in open woods, stony grassy places, and dry meadows from sea level up to 1600 m. S. palustris, or marsh woundwort, is a sparsely to densely hairy perennial plant of shady spots in marshes, bogs, ponds, lakes, and stream margins, damp places, roadside verges, and as a weed in cultivated fields growing up to 120 cm from a creeping rhizome. S. recta subsp. recta, or perennial yellow woundwort, is an erect or ascending, subglabrous to sparsely hirsute, usually eglandular plant up to 100 cm high which grows in Croatia on different dry and stony habitats from the seaside up to the top of mountains. The appearance and distribution of S. recta subsp. subcrenata are very similar to those of the previous typical subspecies from which it differs in having narrower leaves and often glandular calyx with unequal teeth. S. salviifolia (= S. cretica L. subsp. salviifolia (Ten.) Rech. f., S. germanica L. subsp. salviifolia (Ten.) Gams), or Mediterranean woundwort, is a densely tomentose or lanate-tomentose perennial growing up to approximately 80 cm, widely distributed on rocky places in the littoral areas of the country. S. sylvatica, or hedge woundwort, is an erect, hirsute, and glandular-pubescent creeping perennial of shady spots in woodland, forests, roadsides, alpine meadows, and grasslands growing up to 120 cm, like marsh woundwort, from which it differs in habitat preference, the broader leaves, and the characteristic, unpleasant smell when crushed, although the two can hybridize where they occur together [1] [2] [3] [4] [5] [6] [7] [8] .
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Plants of this genus have been used in folk medicine for centuries to treat genital tumors, sclerosis of the spleen, inflammatory diseases, coughs, and ulcers [9] . In phytotherapy, teas, which are made from the whole plant or leaves, are used, because of its sedative, antispasmodic, diuretic, and emmenagogue activity [10, 11] . Previous investigations of this taxa have revealed the presence of biologically active compounds, for example flavonoids, iridoids, and terpenoids [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
The objective of this work was to determine the presence and quantity of selected flavonoids and phenolic acids in seven plants belonging to Croatian Stachys taxa by use of HPTLC.
Experimental

Reagents, Standard Solutions, and Materials
All solvent used were of analytical grade and obtained from E. Merck (Darmstadt, Germany). Flavonoid standards (hyperoside, isoquercitrin, luteolin, luteolin 7-O glucoside, rutin, vitexin, quercetin and quercitrin) and phenolic acids (caffeic acid and chlorogenic acid) were purchased from C. Roth (Karlsruhe, Germany; purity >97%). Stock solutions (1 mg mL -1 ) of the standards were prepared daily in methanol immediately before use. Working standard solutions containing 1, 0.75, 0.5, and 0.25 mg mL -1 of each standard were prepared by diluting the stock solutions.
Plant Material
The aerial parts of ten plants in full flower from the Stachys taxa investigated were collected from June until September 2004. The plant material was separated into leaves and flowers, and air-dried at room temperature (20 ± 2°C). Voucher specimens (collection numbers 807.1-807.7) were deposited at the Department of Botany, Faculty of Science, University of Zagreb, Croatia). Detailed information about the plant material is listed in Table 1 .
Extraction Procedure
Samples (250 mg) of finely powdered Stachys leaves (L) and flowers (F) were extracted with 5.0 mL methanol in an ultrasonic bath (Sonorex, model RK 512 H, Badelin, Germany) at 60°C for 15 min and then centrifuged at 4000 rpm for 5 min (Heraeus Megafuge 1.0, model 2630, Baxter, USA). The extract was then filtered through a 120-mm diameter filter paper (Schleicher and Schuell, Germany). The extraction was repeated four times and the combined extracts were evaporated to dryness by rotary evaporation (Büchi Rotavapor, model V-500, Labotec, Germany). The residue was dissolved in methanol (5.0 mL) and used for further analysis.
Thin-Layer Chromatography
TLC was performed on silica gel 60 F 254 HPTLC plates (E. Merck, Germany; # 5642) with ethyl acetate-acetic acid-formic acid-water, 100 + 11 + 11 + 26 (v/v), as mobile phase [22] . The standard solutions (5.0 μL of each; concentrations 1, 0.75, 0.5 and 0.25 mg mL -1 ) were applied to the plates as 10-mm bands, distance between bands 10 mm, 15 mm from the bottom edge, by means of a 10-μL Hamilton microsyringe. Plates were used without pretreatment. Chromatograms were developed at room temperature (24 ± 1°C) in glass twin-trough chambers (10 cm × 10 cm, with metal lids; Camag, Switzerland) previously saturated with mobile phase vapor for 30 min. The development distance was 70 mm. After development, the plates were air-dried and sprayed with the natural products reagent polyethylene glycol (NP/PEG) [22, 23] . After spraying, chromatograms were observed at λ = 254 and 366 nm and images of the chromatograms were obtained with an HV-C20AP camera (Hitachi Denshi) The presence (or absence) of the investigated compounds was determined according to their R F values and fluorescence colors, which are listed in Table 2 .
Journal of Planar Chromatography
After preliminary screening, the amount of each compound in the Stachys samples was estimated and the concentrations of the standards were adjusted. The standards and samples were then chromatographed again. Quantitative video evaluation was performed using Camag (Switzerland) Videoscan TLC/HPTLC Evaluation Software version 1.01.00.
Calibration plots were constructed by plotting peak area against concentration of standard applied. The calibration plot with the better correlation coefficient was chosen for quantification of any given compound.
Results and Discussion
The objective of this work was to identify and quantify flavonoids and phenolic acids, which have been shown to be among the active principles in several herbal drugs. For this purpose, the extraction procedure described above was developed. Extraction was repeated several times, until HPTLC investigation of the extracts showed that extraction was complete (the studied compounds were completely extracted). It was proven that after repeating the extraction procedure four times there was no compound left in the sample.
The method used for analysis of the extracts, TLC on silica gel 60 F 254 HPTLC plates with ethyl acetate-acetic acid-formic acid-water, 100 + 11 + 11 + 26 (v/v), as mobile phase was suitable for analysis of Stachys taxa, enabling good resolution of flavonoids and phenolic acids from the plant samples examined.
Chromatograms (fingerprints) obtained from the Stachys samples studied are shown in Figures 1 and 2 , from which it is readily apparent that the compound content is not the same for the different species. Of the compounds available as standards chlorogenic acid was present in most of the plant samples (six of the seven taxa studied); concentrations were in the range Table 1 ). Visualization was under UV light of wavelength 366 nm.
Figure 2
Chromatograms obtained from separation of extracts of the leaves (L) and flowers (F) of Stachys samples 4-7 (sample numbering is as given in Table 1 ). Visualization was under UV light of wavelength 366 nm. Table 1) Figures 6 and 7 . Concentrations of all the standard compounds (calculated from the mass of the standard) in the plant samples are given in Table 3 . Isoquercitrin was present in the leaves (0.52 mg mL -1 ) and flowers (0.35 mg mL -1 ) of S. recta subsp. recta; it was also present in the flowers of S. sylvatica, but below the limit of quantification. Luteolin 7-O glucoside was present in the flowers (0.61 mg mL -1 ) of S. sylvatica and in the leaves (0.41 mg mL -1 ) and flowers (0.28 mg mL -1 ) of S. recta subsp. recta. Rutin was found in the leaves (0.65 mg mL -1 ) and flowers of S. sylvatica (below the limit of quantification), and in the leaves of S. salviifolia, the leaves and flowers of S. recta subsp. recta, and the leaves and flowers of S. recta subsp. subcrenata (concentration range 0.40 to 0.91 mg mL -1 ). 
Figure 3
Chromatographic analysis of chlorogenic acid in the leaves (L) and flowers (F) of Stachys samples 1-3 (sample numbering is as given in
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Chlorogenic acid 0.61 ± 0.04 0.62 ± 0.06 0.64 ± 0.02 0.69 ± 0.01 0.97 ± 0.06 0.76 ± 0.04 0.57 ± 0.05 0.59 ± 0.08 --0.93 ± 0.04 0.60 ± 0.04 0.44 ± 0.03 0.75 ± 0.08 
0.56 ± 0.05 ----*Below the limit of quantification (LOQ) a) Mean ± SD (n = 3); L, leaves; F, flowers (sample numbering is as given in Table 1 )
Figure 4
Chromatographic analysis of chlorogenic acid in the leaves (L) and flowers (F) of Stachys samples 3-5 (sample numbering is as given in Table 1 ). A, B, and C are chlorogenic acid at concentrations of 1, 0.75, and 0.5 mg mL -1 , respectively.
Figure 5
Chromatographic analysis of chlorogenic acid in the leaves (L) and flowers (F) of Stachys samples 6 and 7 (sample numbering is as given in Table 1) . A, B, and C are chlorogenic acid at concentrations of 1, 0.75, and 0.5 mg mL -1 , respectively.
Figure 6
Densitogram obtained from determination of standard solution B of chlorogenic acid; scanning was performed at λ = 366 nm.
Figure 7
Densitogram obtained from examination of the chlorogenic acid content of the flowers of sample 6 (peak no. 3); scanning was performed at λ = 366 nm.
Quercitrin was found in the flowers of S. sylvatica (0.33 mg mL -1 ) and in the leaves (below the limit of quantification) and flowers (0.56 mg mL -1 ) of S. recta subsp. recta.
The limit of detection (LOD), defined as the lowest concentration of analyte that can be detected, but not necessarily quantified, and the limit of quantification (LOQ), which is regarded as the smallest amount enabling reproducible measurement of peak area, are given in 
Conclusion
This HPTLC method for quantitative determination of flavonoids and phenolic acids has been shown to be highly suitable for analysis of these compounds in Stachys taxa. The method can be used for rapid screening of this plant material, because it is simple and reliable. The results from this work are indicative of the variability in the distribution of all the investigated compounds identified in the Croatian Stachys taxa examined. Although Stachys recta subsp. recta did not contain chlorogenic acid, which was present in all the other species, it was richest in the other flavonoids whose presence was examined. 
